This paper presents methods for identifying and analyzing associations among nursing care processes, patient attributes, and patient outcomes using unit-level and patient-level representations of care derived from computerized nurse documentation. The retrospective, descriptive analysis included documented nursing events for 900 Labor and Delivery patients at three hospitals over the 2-month period of January and February 2006. Two models were used to produce quantified measurements of nursing care received by each patient. The first model considered only the hourly census of nurses and patients. The second model considered the size of nurses' patient loads as represented by computerized nurse-entered documentation. Significant relationships were identified between durations of labor and nursing care scores generated by the second model. In addition to the clinical associations identified, the study demonstrated an approach with global application for representing the amount of nursing care received at the individual patient level in analyses of patient outcomes.
Introduction
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experiencing suboptimal outcomes. [3] The ever-increasing availability of structured and computerized healthcare documentation offers potential for identifying key factors affecting patient outcomes. The purpose of these analyses was to demonstrate methods whereby representations of the amount of nursing care received by individual patients could be derived from computerized nurse documentation. The resulting nursing care quantity measurements were then used in an analysis of relationships among nursing care, patient attributes, and patient outcomes.
Background
Many previous patient safety and quality initiatives have focused on identifying relationships between staffing levels and quality nursing care. [4] In response to the Institute of Medicine's call for empirical evidence demonstrating the effect of nurse staffing on patient outcomes, [5] many researchers have published studies in which availability of nursing care has been represented using nurse-to-patient ratios. [6] [7] [8] [9] In California, preliminary findings have failed to establish a significant effect of state mandated nurse staffing rates on select outcomes. Researchers are pursuing additional studies to determine minimum staffing levels that maintain care quality. [10, 11] Literature exists to support the conclusion that even though total nursing hours and skill mix appear to impact particular patient outcomes, no specific minimum nursepatient ratio can be recommended. [12] Findings from several studies have established correlations between nurse staffing rates, including staff mix, and patient outcomes; however, the analyses have taken a unit-wide approach to measuring nursing resources rather than measuring the amount of care received by individual patients. [13] [14] [15] [16] Another study established relationships between staffing rates and patient satisfaction in addition to clinical outcomes. [17] Strategies that measure nursing care resources at the unit or hospital level may help to quantify available nursing resources; however, they do not capture nursing care interactions at the patient level, nor do they account for variations in the distribution of nursing resources according to individual patient acuities. In addition, many of the studies incorporated administrative data, which have been identified as poor measurements of complication occurrence, in the analysis of patient outcomes. [18, 19] Thus, in spite of evidence supporting associations between nurse staffing and outcomes, results are still inconclusive. [20] Some advocates of quality improvement propose that the key to refining clinical processes is the development and use of quality indicators measuring the influence of nursing care on patient safety and outcomes. [4, [21] [22] [23] Proponents argue that measuring and reporting of nursing performance support quality improvement by quantifying nursing influence on patient safety and healthcare outcomes, enabling benchmarking of best practices, and promoting provider accountability. [24] In settings with high levels of nurse-patient interaction, such as the Intensive Care Unit (ICU), scoring mechanisms have been developed that measure nurse workload at the unit level. [25] [26] [27] [28] [29] [30] [31] [32] [33] These schemes may support decision makers in planning staff assignments based on workload expectations; however, they fail to capture the granular detail of work distribution among individual nurses or patients. Although beneficial for estimating workload requirements, these schemes do not offer insight into the effect of alterations to the scheduled assignment of nursing care on individual patient outcomes.
Even in the relative "framework of normalcy" [34] provided by the Labor and Delivery (L&D) setting, differences in patient outcomes have been attributed to variation in care processes. [3] Previous quality improvement strategies have sought to refine care through quantification of processes and outcomes using midwifery documentation [35, 36] and the identification of near-miss [37] and preventable [38] events as representations of care quality. Quantification of care processes, supported by the capture of nurse-patient interactions, is a vital component of clinical process analysis and improvement.
In previous work, we developed models for representing the distribution of available nursing care among individual patients in the L&D setting. [39] The models were patterned after the Nursing Care Hours (NCH) indicator developed by the National Database of Nursing Quality Indicators (NDNQI), [40] but allowed score calculation directly from computerized nursing documentation. The models were used to calculate the hourly quantity of nursing care, referred to as Nursing Effort, received by each patient. Scoring models considered nurse-to-patient ratios, the number of concurrent patients being treated by a given nurse, patient acuities, and the number of activities documented. We concluded that a relatively simple model, based on the size of individual nurse's patient loads, implicitly represented individual patient acuity and provided comparable performance to more complex models.
Methods

Hypothesis
In this study, we hypothesized the existence of relationships between the amount of nursing care received by patients and the particular outcomes experienced by those patients including the duration of various labor stages, the occurrence of significant labor events, and costs. We also hypothesized that identification of statistically significant correlations between quantified nursing care measures and patient outcomes would be better supported by patient-level measurements than by unit-level measurements of allocated nursing resources.
Design
This retrospective, descriptive study incorporated a data analysis framework based on Knowledge Discovery in Databases (KDD) techniques. [41] Following selection from a data warehouse, study data were preprocessed for subsequent scoring by two previously defined Nursing Effort models. [39] A computerized knowledge discovery tool, developed to support the study, managed data preparation and score calculations. The resultant scores supported identification and evaluation of associations among patient attributes, nursing care, and patient outcomes. The University of Utah and Intermountain Healthcare institutional review boards approved the project, and a waiver of informed consent was obtained.
Setting and Sample
In 2006, Intermountain Healthcare's Labor and Delivery Computer Information System (CIS) (Storkbytes ™ , Intermountain Healthcare, Salt Lake City, UT), installed at 15 facilities, served approximately 29,000 patients. The CIS acquired fetal monitor measurements and supported computerized nurse charting. [42] Deployed in the 1980s, the system has undergone iterative modifications in response to ongoing feedback from clinical users. The L&D Nursing Standards and Education work group of Intermountain's Women and Newborn Clinical Program has provided ongoing validation and refinement of the nurse documentation elements to ensure that the system has accurately represented nursing care processes. Along with identification of the documenting nurse, both the time of the clinical observation or intervention and the time of data entry were recorded with each data point. Each month, the CIS data were extracted to Intermountain Healthcare's Enterprise Data Warehouse (EDW) along with demographic, financial, case mix, and other clinical data related to each patient. [43] Since 1995, data from over 450,000 Intermountain L&D patients have been archived in the EDW.
Although adverse events occur in L&D units, a large percentage of patients experience normal outcomes. [34] Thus, the setting served as an appropriate prototype for comparing, and detecting differences in, nursing care and outcomes associated with both high and low risk patient groups. Vast amounts of available computerized nurse documentation and high levels of nurse-patient interaction afforded by the care setting also qualified L&D as a suitable environment for testing the research hypotheses.
Data from patients admitted to three Intermountain Healthcare L&D units during January and February 2006 were retrieved for analysis. The three L&D units represented facilities of varying sizes: the smallest, a community hospital, had 1,300 deliveries in 2006; the largest, a trauma one center, had 4,200 deliveries in 2006; the midsize facility had 2,300 deliveries. During the 2-month analysis period, nursing documentation was recorded for 1,093 patients at the three facilities. Each instance of documentation, referred to as a "documentation event," consisted of a metadata code identifying the type of intervention or observation documented, an identifier for the nurse who entered the data, and the time and date when the event occurred. All available L&D documentation events (N = 686,402) associated with the set of 1,093 patients were retrieved to generate scores using each Nursing Effort model. Incomplete documentation (described below) resulted in the exclusion of 193 patients, leaving an analysis set of 900 patients.
Data Selection and Preparation
Administrative and outcome data were selected for investigation, along with documentation events and attributes pertaining to each patient in the study (Table 1) . Administrative data included the times and dates of patient admission and delivery, and an identifier of the facility where care was provided. Selecting patient attributes with suspected influence on the investigated outcome variables supported statistical models by enabling evaluation of the effects of those attributes. Attributes retrieved from the EDW for analysis included patient age, race, marital status, insurance status, number of previous births, history of a previous Cesarean, whether or not labor was augmented, number of weeks gestation, and ICD-9 (International Classification of Diseases, Ninth Revision) admission diagnosis. For each patient, up to several hundred documentation events were retrieved. Outcomes selected for investigation from a set of perinatal quality indicators and common L&D events [44] included occurrence of fetal distress, delivery by Cesarean, occurrence of complications during labor, patient length of stay, and cost of care.
Three measurements of labor length were calculated using documentation time stamps. The length of active labor (the time between 4-centimeter dilation and delivery), the length of time between complete cervical dilation and delivery, and the duration between the initiation of pushing and delivery were extrapolated from documentation ( Figure 1 ). Patient labor level (a categorization defined by Intermountain Healthcare to represent patient acuity) logs were generated for each patient during the active labor period. Labor level one represented the least severe cases, while level four denoted the most severe cases. Because a high percentage of patients reached labor level three (albeit for a short period of time), the number of hours spent at level three was used to further differentiate peak patient acuity.
Insurance status was categorized as private, self-pay, and Medicaid. Race was limited to White, Hispanic, and other, reflecting the population of the State of Utah. Admission diagnosis codes were reduced to normal first pregnancy, normal other pregnancy, advanced maternal age (over 35) pregnancy, high-risk pregnancy, and other. Marital status was reduced to the categories of married, single, divorced, and other.
Data from 1,093 patients for whom documentation was recorded during the analysis period, indicating utilization of nursing resources, were used to generate Nursing Effort scores. Five patients admitted prior to the start of the study period (January 1, 2006) but still in the labor unit during the study period were excluded from the analysis population. Individual Nursing Effort scores were generated throughout a patient's labor; however, only scores calculated during the duration of active labor (the time between 4-centimeter dilation and delivery) were used in the analysis. Patients lacking adequate documentation of dilation (N = 186) were excluded from patient-level analysis. Documentation of 4-centimeter dilation was missing for two primary reasons. Some patients delivered by Cesarean (either scheduled or unscheduled) and never entered into the active labor stage initiated with 4-centimeter dilation measurement. For others, measures of dilation progression were not properly recorded. Only two patients reached labor level four (the highest acuity level). Because labor level four was not sufficiently represented, these patients were excluded from further analysis.
Nursing Effort scores were generated using two previously defined scoring models (Table 2) . [39] The quantified representations of care received by individual patients, as calculated by the Nursing Effort models, were not a function of the number or type of events documented for a patient. Rather, documentation was used to calculate the hourly nurse and patient census and to identify the individual patients in each nurse's load during each hour. Census and patient load data were then used to model distribution of the available nursing resources. Every documenting nurse was allocated one unit of distributable Nursing Effort to dispense among patients each hour (non-clinical activities were not included in the measurement; thus the actual time spent with patients was one hour minus the time spent on other activities). The first model ("Model 1") assigned each patient an hourly score equal to the unit's nurse-to-patient ratio. For example, during a particular hour in a facility with four patients and five documenting nurses, according to the model, the five available units of Nursing Effort were distributed equally among the four patients. Thus, each patient was allotted a score of 1.25 for the hour.
In the second model ("Model 2"), each patient for whom a nurse documented at least once during an hour represented an equal fraction of the nurse's hourly patient load. For example, if a patient received documentation from two nurses A and B during an hour and nurse A documented for four patients during the hour while nurse B documented for three patients during the same hour, according to the model, the patient received 1/4 of a unit of Nursing Effort from nurse A and 1/3 of a unit of Nursing Effort from nurse B. In this example, the total Nursing Effort score for the patient, generated by summing fractional Nursing Effort from each nurse, was 7/12 or 0.583. As generated by Model 2, Nursing Effort became a patient-level, rather than unit-level, attribute calculated by summing the appropriate fraction of each documenting nurse's Effort, according to patient load, associated with each patient.
Data Processing and Analysis
The Nursing Effort Analysis Tool (NEAT) accessed a delimited text file containing structured data retrieved from Intermountain Healthcare's EDW. Each row of text contained data for a single documentation event along with attributes of the patient for whom the documentation was entered. The custom-built application, developed using C++, generated an hourly index of nurses and the patients for whom they entered documentation. These data were used to calculate hourly Nursing Effort scores for each patient according to each of the models. For the analysis, mean Nursing Effort scores were generated for each patient during the active labor periods before and after complete dilation. Following data processing and model calculations, scores, along with patient attributes and outcomes, were exported from the NEAT application into the R ™ , version 2.5.1 (Vienna, Austria) statistical environment for external evaluation. An automatic attribute selection mechanism was not employed as the patient sample size was sufficient to support the inclusion of all available patient attribute variables in the statistical analyses.
Survival and regression analyses were performed to determine statistical correlation among patient attributes, nursing care measurements, and patient outcomes. Survival models, often implemented to analyze time to events, were used for analysis of the continuous valued duration outcomes. Factors associated with time until the delivery event were identified using duration of active labor, duration of complete dilation to delivery, and duration of pushing to delivery as outcome variables. Variables influencing the time until discharge event were identified using patient length of stay as an outcome variable. Logistic regression was used in the analysis of binary valued outcomes variables consisting of the occurrence of a Cesarean, occurrence of fetal distress, and the occurrence of labor complications. Logistic regression is a standard approach for relating several independent variables to a binary dependent variable and goodness of fit statistics indicated that logistic regression was an appropriate approach for this analysis. A linear regression model was used in the analysis of the continuous valued and normally distributed cost of care outcome.
Results
Pearson's coefficients revealed low correlations between the pre-dilation and post-dilation scores (0.
Parametric survival models were implemented to generate time ratios with 95% confidence intervals for patient attributes with respect to duration outcomes (Table 3) . For categorical variable analysis, the survival models enabled comparison of the expected durations between each category and a reference. For example, analysis of the categorical "Facility" variable involved comparison of durations at the small compared to large facility and the medium compared to large facility. In the example, the large facility represented the reference category to which the other categories were compared. Continuous variable analysis compared durations associated with upper and lower quartile values for each variable. The continuous variable "Number of Previous Births," is represented in the table with a ratio of "2:0." The third quartile value in the distribution of the variable was two. The expected duration of active labor for a woman with two previous births was 0.86 times as long as the labor duration of a woman with zero previous births (p < 0.001) (with 95% confidence intervals ranging from 0.79 to 0.94). For accurate calculations of duration ratios of complete dilation until delivery and pushing until delivery, a subset of 844 patients was used that did not include any patients that experienced the outcome of Cesarean delivery. All 900 study patients were included in the analysis of length of stay and duration of active labor.
Significant associations were identified between decreased length of stay and patients delivering at 39 weeks compared to 38 weeks gestation (p < 0.001), self-paying compared to privately insured patients (p < 0.001), and patients with two compared to zero previous births (p < 0.001). Increased length of stay was associated with patients of age 31 compared to 24 (p < 0.05), patients who experienced the outcome of Cesarean delivery (p < 0.001), and patients with a peak severity of labor level three for zero to two hours compared to peak severity of labor level three for three or more hours (p < 0.05).
Decreased duration of active labor was associated with patients having two compared to zero previous births (p < 0.001) and with peak severity less than labor level three for three or more hours (p < 0.001). Significant associations were identified between longer duration of active labor and patients with augmented labor (p < 0.001), patients at the small compared to large facility (p < 0.001), and patients having the ICD-9 admission diagnosis code of normal first compared to normal other pregnancy (p < 0.05).
Decreased duration of complete dilation until delivery was associated with patients having two compared to zero previous births (p < 0.001), patients at the medium compared to large facility (p < 0.001), patients at the large compared to small facility (p < 0.001), and with peak severity less than labor level three for three or more hours (p < 0.001). Significant associations were identified between increased duration of complete dilation until delivery and patients having the ICD-9 admission diagnosis code of normal first compared to normal other pregnancy (p < 0.001).
Decreased duration of pushing until delivery was associated with patients having two compared to zero previous births (p < 0.001), patients at the large compared to small facility (p < 0.05), and with peak severity less than labor level three for three or more hours (p < 0.001). A significant association was identified between increased duration of pushing until delivery and patients having the ICD-9 admission diagnosis code of normal first compared to normal other pregnancy (p < 0.001). Table 4 presents odds ratios (also with 95% confidence intervals) for patient attributes with respect to three binary-valued event outcomes (occurrence of a Cesarean, occurrence of fetal distress, and the occurrence of complications) as generated by logistic regression models. As described for the survival model time ratios, the odds ratios in Table 4 present each category of categorical variables and the upper and lower quartile values of continuously valued variables. Data from all 900 study patients were included in the logistic regression models.
A lower rate of Cesarean was found to be associated with patients having two compared to zero previous births (p < 0.01) and patients with a peak severity of labor level three for one to two hours compared to peak severity of labor level three for three or more hours (p < 0.01). Patients with a history of Cesarean experienced a greater rate of Cesarean (p < 0.001).
Lower levels of fetal distress were associated with patients at the medium compared to the large facility (p < 0.001), patients at the large compared to the small facility (p < 0.001), and with patients having a peak severity of labor level two or labor level three for zero to two hours compared to peak severity of labor level three for three or more hours (p < 0.001). Increased rates of fetal distress were associated with patients who experienced the outcome of Cesarean (p < 0.001).
Lower rates of labor complications were associated with patients at the medium and small facilities compared to the large facility (p < 0.001) and with patients having two compared to zero previous births (p < 0.001). Greater rates of labor complications were associated with patients delivering at 39 compared to 38 weeks gestation (p < 0.01).
In Table 5 , time and odds ratios relate upper and lower quartile, continuously valued Nursing Effort scores to duration and event outcomes. Greater average Model 2 scores corresponding to the pre-complete dilation stage were found to be significantly related to reduced length of stay (p < 0.05) and reduced duration of active labor (p < 0.01). The pre-complete dilation score time ratios indicated that an extra one-third of a nurse's care (equivalent) each hour (as measured by model two) was associated with about a 2% shorter length of stay and an 8% shorter duration of active labor. Greater Model 2 pre-complete scores were also associated with a greater rate of Cesarean (p < 0.05).
Greater Model 2 post-complete dilation Nursing Effort scores were associated with shorter duration of complete dilation until delivery (p < 0.05) and shorter duration of pushing until delivery (p < 0.01). The odds ratios indicated that an additional one-half unit of Nursing Effort each post-complete dilation hour was associated with a 9% shorter duration of complete dilation until delivery and a 13% shorter duration of pushing. Also, larger Model 2 postcomplete dilation scores were associated with a reduced rate of labor complications (p < 0.01).
No significant associations were identified between outcomes and pre-complete or postcomplete scores generated by Model 1.
Cost analysis was performed using a linear regression model. For length of stay and cost analysis, four outlier patients were excluded from the set of 900 because extended lengths of stay (over two weeks) skewed analysis models. The Cesarean outcome was associated with a 50.7% increase in the cost of care (p < 0.001). Cost of care was 20.4% higher for patients at the small compared to large facility (p < 0.001), and a 4.2% increase in cost was associated with patients having the ICD-9 admission diagnosis code normal first compared to normal other pregnancy (p < 0.05). Costs associated with self-pay patients were 9.5% lower than costs of privately insured patients (p < 0.05). On average, cost of care was reduced by 2.3% for each previous patient birth (p < 0.001), and reduced by 1.0% for each additional week of maternal gestation (p < 0.001).
Significant cost differences were also found based on patient peak severity. Compared to costs of care associated with patients that had a peak severity of labor level three for three or more hours, costs were 17.3% lower for patients with a peak severity of labor level one (p < 0.001), 10.0% lower for patients with a peak severity of labor level two (p < 0.001), 7.9% lower for patients with a peak severity of labor level three for one to two hours (p < 0.001), and 4.8% lower for patients with a peak severity of labor level three for two to three hours (p < 0.01),
Discussion
As hypothesized, we were able to identify relationships between quantified patient-level measurements of nursing care generated by Model 2 and particular outcomes experienced by those patients. As anticipated, the relationships were better supported by patient-level than unit level-measures. Additionally, the exercise revealed other significant contributors to variation in patient outcomes including care facility and individual patient characteristics.
The strongest associations between nursing care scores and outcomes were related to the qualitative duration outcomes (see Table 5 ). Model 2 Nursing Effort scores, derived from individual nurse-patient interactions, better supported the identification of relationships between nursing care and individual patient outcomes than did unit-level measurements of available nursing resources as represented by Model 1 scores. The relationships between Nursing Effort measures and durations suggest that providing additional nursing care at key periods during labor could foster labor progression.
In addition to the contribution of nursing care to duration outcomes, several patient attributes were found to have significant relationships with the various durations of labor. We identified variations by facility: all three measured labor durations were significantly longer at the small facility; active labor lasted about 40% longer at the small facility; and the duration from complete dilation until delivery was about 46% longer at the small facility. The period from the initiation of pushing until delivery was about 26% longer at the small facility. The longer durations were possibly the result of patients waiting for available clinicians to actively initiate pushing. High acuity patients also had significantly longer labor durations than did lower acuity patients. Slow labor progression often prompted labor augmentation as demonstrated by significantly longer durations of active labor associated with augmented labor cases. As expected, women giving birth for the first time experienced longer labor durations than did women with previous births.
Another notable outcome was the significantly shorter length of stay experienced by selfpaying patients compared to patients with Medicaid or private insurance. Self-paying patients were discharged 20% sooner than patients with private insurance and incurred lower cost -in part due to the shortened length of stay. The data in the current study represent costs of care as opposed to billed charges. Although self-paying patient cost accrual may be less, the amount they were billed was not necessarily less than that billed to patients with Medicaid or private insurance. Even though self-paying patients may not have objected to early discharge because it reduced their personal expenditures, an ethical issue must be addressed. If early discharge resulted in lower quality care, patient's insurance status should not have influenced clinical treatment. On the other hand, if early discharge did not have any negative clinical implications, other groups of patients were staying longer than necessary and incurring avoidable expense.
Higher pre-complete dilation Nursing Effort scores were associated with a higher incidence of Cesarean delivery. It was unlikely that the increased rate of Cesarean deliveries was caused by additional pre-complete dilation nursing care. The most probable explanation of this inverse relationship was that indications of abnormal labor progression, which led to the Cesarean outcome, necessitated additional attention from available nursing staff. Another significant relationship was that of additional post-complete dilation nursing care associated with a reduction in the occurrence of labor complications. Neither association was identified using the unit-level nursing care measures produced using Model 1. Relationships were not identified between the occurrence of fetal distress and Nursing Effort scores generated by either model.
Associations were also identified between event type outcomes and patient conditions. Patients experiencing fetal distress were nearly four times more likely to have a Cesarean at any of the facilities. Also, patients who had a history of a previous Cesarean were 8.5 times more likely to have another Cesarean. The occurrence of fetal distress contributed to patient acuity calculations. Therefore, higher severity patients experienced higher rates of fetal distress. Although these particular associations may not provide new insight to the L&D care domain, the methods used to discover these relationships in the current study could be applied in other settings to identify previously unestablished relationships between the occurrence of clinical events and patient characteristics.
Regression analysis failed to detect significant associations between Nursing Effort scores and cost. The greatest contributors to cost were the facility where care was provided (the small facility having the highest cost), patient acuity during labor (higher acuity patients sustaining greater cost), and the occurrence of a Cesarean with its additional clinical procedures and added length of stay.
Analysis was limited by not considering the mix of the nurses represented by the information system. The study assumed that quality of care represented by a unit of Nursing Effort was equal among all providers, who were overwhelmingly registered nurses (RNs). Though over 90% of the CIS users were RNs, the care providers varied in educational preparation and experience. The analysis could benefit from considering educational level and competencies when measuring contributions from individual nurses. In settings where a larger proportion of unlicensed care providers or licensed practical nurses (LPNs) were used to deliver nursing care, consideration of licensure would also be important. Future efforts will focus on developing a qualitative weighting for patient-level Nursing Effort scores based on individual nurse licensure, education, and experience in managing similar patient cases.
In the statistical analysis, the outcome variables were treated as independent of one another and models were not adjusted for possible correlations among outcomes. The study was primarily intended for exploratory analysis and for the demonstration of innovative methods for deriving representations of care processes from electronic documentation, not the identification of any particular significant clinical association. Although we demonstrated that patient-level representations of care could support an analysis of patient outcomes by describing some significant findings, specific clinical associations should be viewed as hypotheses for potential follow-up investigation rather than tested hypotheses.
Another limitation of the current study was its reliance on complete, accurate, and timely nursing documentation. Missing or erroneous instances of documentation influenced the calculation of scores. A patient lacking documentation of nursing interactions that occurred during an hour of care could receive a lower Nursing Effort score than intended while other patients receiving care from the same nurse during the same hour would receive a larger than accurate score. The robust design of model two was intended to mitigate this limitation by reducing the need for complete documentation. As long as the providing nurse documented a single event for each patient with whom interaction took place each hour, the model calculations remained accurate.
Previous exploration of nursing care effects on patient outcomes have taken a different approach than that taken in this analysis. Consistent with efforts conducted in other care settings, significant relationships between unit-level representations of nursing care (Model 1) and outcomes were not found. Only the patient-level scores (Model 2) were found to have significant association with the outcomes selected for investigation. The shift in focus from the unit to the patient offers promise to the myriad of efforts seeking empirical evidence supporting nursing care's effects on patient outcomes. Identification of patient outcomes associated with levels of nursing care enables the reapportioning of nurse staffing to support the highest quality care and most favorable outcomes. Also, patient-level measures of individual nurse-patient interactions could support efforts to identify overburdened nurses. Study and improvement of nursing environments could potentially lead to reduced job dissatisfaction and burnout rates for nursing staff [13, 45, 46] and improved clinical outcomes for patients. [47] Conclusions Though a number of potentially beneficial clinical relationships were identified in the study, the most significant contribution of the study was our novel approach to representing care processes, specifically nursing care, using computerized documentation. The Labor and Deliver setting served as a clinical example to validate this approach. Calculation of the Nursing Effort measures enabled us to overcome many limitations of previous studies of nursing processes, patient characteristics, and clinical outcomes. Methods derived from studying the population of L&D inpatients could have global application, because structured documentation in other domains can likewise be used to quantify the amount of nursing care received at the individual patient level. The study does not present an exhaustive analysis of all contributors to patient outcomes, nor does it reveal causality of specific patient outcomes. Nevertheless, the methods presented allow outcomes analysis at a much more granular, and arguably relevant, level by considering individual patient attributes as well as modeled care processes.
In clinical settings, significant associations discovered by these methods may be further reviewed by clinical committees and investigated in greater detail to determine appropriate levels of nursing care that support favorable patient outcomes. The study methodology may also be used to improve practices through identification of variation in care processes. Of substantial importance for nursing practice, this new method for analysis of nursing interactions at the patient level enables successful analysis of care effects on patient outcomes. Comprehensive studies using this methodological framework in other care settings may identify previously unknown effects of modeled care processes on patient outcomes. Timeline of labor events indicating the stages of labor during which Nursing Effort scores are calculated. Table 1 Data elements selected for investigation, organized by administrative, patient attribute, and outcome categories. Table 2 Nursing Effort scoring models used to generate individual hourly patient scores and the acuity adjustment ratio. Table 4 Odds ratios (with 95% confidence intervals) of select patient attributes (comparing upper quartile values to lower quartile values for continuous variables) and patient outcomes 
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